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XIV.  ANTAGONISTIC  ACTION  OF  LANTHANUM  AS  RELATED  T O 
RESPIRATION. 
BY  MATILDA  MOLDENHAUER  BROOKS, 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.~ 
(Received for publication, July 8, 1920.) 
In previous papers  ~,2 the writer has discussed the relation between 
respiration  and  antagonism,  including  antagonism  between  mono- 
valent  cations  and  bivalent  cations.  The  present  paper  extends 
these studies to trivalent cations. 
The  experiments  were made upon Bacillus  subtilis.  The  method 
of experimentation has been fully described in previous papers. 
The results are shown in the figures.  Fig.  1 shows the manner  in 
which the rate of respiration changes under the influence of La(NOs)n 
in  concentrations  of  0.000006,  0.000025,  0.00005,  0.05,  and  1.0  M. 
During the first 10 minutes the bacteria are under normal conditions 
and  the  curve  (broken line)  is horizontal.  After  this  (at  the point 
marked  0  on  the abscissa)  the salt is added.  The  addition  of suffi- 
cient  La(NOs)3  to  make  the  concentration  0.000006  ~t produces  an. 
increase  in  the  rate  which  remains  constant  during  the  period  of 
experimentation:  When  the  concentration  is  0.000025  ~  the  rate 
is normal,  while in higher  concentrations  there is  a  decrease in rate 
which  amounts  almost  to  a  cessation of respiration  at  1 z~.  These 
curves are selected from a number of similar typica/curves and each 
represents one experiment. 
Fig. 2 shows the effect of various concentrations of La(NO~)a upon 
the rate of respiration.  The rate indicated is that produced after the 
bacteria had  been in  contact with  the salt  for 1 hour.  There  is an 
increase in the rate of production of CO2 at 0.000006 ~t and a decrease 
in the rate at  concentrations higher  than  0.000025  ~r.  As the effect 
x Brooks, M. M., J. Gen. Physiol., 1919-20, ii, 5. 
2 Brooks, M. M., J. Gen. Physiol., 1919-20, ii, 331. 
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of  the lower  concentrations  cannot be  clearly shown in  the  figure 
the results are given in Table I. 
Fig. 3 shows antagonism.  In this figure the abscissae represent the 
number of cc. of each component in the mixture; since the molecular 
concentrations  are  the  same  for  all  the  components  the  abscissae 
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FIO.  1.  Curves showing the rate of respiration of Bacillus  subtilis  (expressed 
as per cent of the normal) in 0.000006,  0.000025,  0.00005,  0.05, and 1.0 ~ La(NO3)3. 
The zero point on the abscissa denotes the beginning of exposure to the salt solu- 
tion; previous to this the bacteria were in 0.75  per cent solution of  dextrose in 
distilled water.  The normal rate (which is taken as 100 per cent)  represents a 
change in pH value from 7.78 to 7.60 in a number of seconds depending upon the 
amount  of bacterial suspension used,  usually 30  seconds.  Each  experiment is 
represented by a single curve. MATILDA M.  BROOKS  339 
represent  molecular proportions.  The  ordinate  in  the  center repre- 
sents the rate of respiration in a mixture of 50 cc. of each component; 
the ordinate at the extreme left represents the rate in a  pure solution 
of one  component;  the  ordinate  at  the  extreme right,  the  rate in  a 
Rate of  C02  production 
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FIG. 2.  Curve showing  the rate of respiration of Bacillus subtilis  (expressed 
as per cent of the normal) as affected by La(NOs)v  The normal rate represents 
a change in pH value from 7.78 to 7.60 in a number of seconds depending upon 
the amount of bacterial suspension  used,  usually 30 seconds.  Average of three 
or four experiments; probable error of the mean less than 2 per cent of the mean. 
Table I  accompanies Fig. 2, showing the results at concentrations too small to 
be represented properly in the figure. 340  STtrOI~S ON  RESPIRATION.  XIV 
pure  solution of  the  other  component.  The  arrangement is  made 
clear in the legend to  the figure in each case by placing the words 
"left"  and  "right"  after  the  component.  Thus  Curve  A  shows 
antagonism between NaC1  (left)  and La(NO3)3  (right) in concentra- 
tions of 0.8 M.  A very small amount of La(NOs)8  sufficed to antago- 
nize NaCI,  the optimum proportion being 99.8 parts of NaCI to 0.2 
parts of La(NO3)s. 
Since in  a  previous investigation  I it was found that  one part  of 
CaC12 was required  to  antagonize five parts  of NaC1,  it is  evident 
that La is much more effective than Ca in antagonizing Na.  This 
accords  with  the  results  of  experiments  by  other  investigators on 
TABLE  I. 
Rate  of Respiration of Bacillus  subtilis in Various  Concentrations  of Lanthanum 
Nitrate.* 
Molecular concentra- 
tion of La(NOs)s... 0.8 0.25 0.05 0.005 O  .0005 0.00005 0.000025 0.0000060.00~0025 
Rate of CO2 produc- 
tion  ..............  0  21  38  66  76  91  100  117  100 
* Each number (representing the  average of three or  four experiments) ex- 
presses the rate (calculated as per cent of the normal) after an exposure of 1 hour. 
Probable error of the mean less than 3 per cent of the mean. 
growth, length of life, electrical conductivity, etc. in which it is found 
that trivalent cations are more effective than bivalent in antagonizing 
monovalent cations.  3 
Curve  B  shows  the  effects of  combinations  of  CaC12 (left)  and 
La(NO3)3 (right) in concentrations of 0.8 M.  There is a slight amount 
of antagonism which attains a  maximum at 8 parts of calcium and 
2 parts of lanthanum; from this point the curve approaches rapidly 
zero as the amount of lanthanum is increased. 
s Cf. Loeb, J., The dynamics of living matter,  New York, 1906.  Osterhout, 
W. J. V., Bot. Gaz., 1915, lix, 464. MATILDA  ~.  BROOKS  341 
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SUMMARY. 
1.  Concentrations of La(NO3)a up to 0.000025 •  have little effect 
upon the rate of respiration of Bacillus  subtilis;  at 0.000006 M there 
is an increase in rate, while in higher concentrations there is a decrease 
in rate. 
2.  There is well marked antagonism between La(NO3)3 and NaC1, 
and very slight antagonism between La(NOa)3 and CaC12. 
3.  It  requires  a  very  small  amount  of  La(NOa)8 to  antagonize 
NaCI, the proportions of the two salts at their maximum antagonism 
being 99.8 parts of NaC1 and 0.2 parts of La(NO3)3. 